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Abstract. The amount of water used is a sign of a developed society, but the way of using 
water is more concluded when is assessed the well-being level of a community. Water is consider 
being an element of supporting, provisioning and regulating services in the context of ecosystem 
services, but is also a shaping factor of terrain topography, which means indirectly that is also an 
element of cultural services. In this article are assessed the rainfalls, as element of hydrologic cycle, 
rainfall which could be simulated with infiltrometer. The measurements determined with 
infiltrometer could give estimations regarding solutions for irrigation, drainage or erosion 
prevention measures, measures complementary with natural hydrologic cycle. 
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INTRODUCTION 
 
Water conservation means decreasing evaporation and surface runoffs (erosion 
process) (Dirja et al., 2013) and increasing water availability for plants, aspects which are 
also main issues studied in the context of ecosystem services (Lal, 2014).  
Water resources at local area are contributed by precipitations (Gao et al., 2012). 
Water is an important element evaluated to establish the values of ecosystem services, and 
is very important to find solutions to increase water resilience (Eriksson et al., 2014).  
Hydrological and meteorological phenomena have random characters and are 
studied with probability theory (Cîmpeanu et al., 2002). Natural hydrological cycle has the 
following phases: (1) rainfall, (2) infiltration, (3) transpiration, (4) evaporation, (5) runoffs 
and (6) watertable, knowing that from the total amount of rainfalls, one third of water is in 
soil (infiltrations), one third of water is in atmosphere (evaporation, transpiration, 
Evapotranspiration) and one third of water if above ground (surface runoffs) (Luca et al., 
2013).  
Land improvement management of agroecosystems (Munteanu et al., 2005) has to 
be conducted to increase plant production (quantitative and qualitative) by using available 
water as a natural capital to ensure the long term viability of natural resources.  
The aim of this study is to establish the water quantities spread in the plant-soil-
atmosphere interrelation starting from the amount of rainfalls during vegetation period to 
simulate with infiltrometer the the most vulnarables process of rainfalls. The importance of 
the estimates results from the need for effective control of runoffs and infiltration on the 
slopes, to combat erosion and to improve the water regime of soils on sloping land. 
Hydrologic assessment to establish simulated rainfalls of infiltrometer was started 
from the amount of rainfalls during vegetation period recorded from 1983 to 2014 year 
(without 2000, 2001, 2002 and 2005 years because of the lack of data), in Cluj-Napoca 
City. 
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MATERIAL AND METHODS 
 
 To rank and analyze rainfalls records were determined the following parameters 
for 27 data numbers of each described period: (1) variance, (2) standard deviation, (3) 
variability coefficient, (4) rainfall variation coefficient and (5) rainfall asymmetry 
coefficient (Table 1). 
Table 1 
Statistical and hydrological parameter used to analyze rainfalls records as annual means, monthly 
means (from April to September) and vegetation period means, between 1983-2014 years (without 
2000, 2001, 2002 and 2005) (Cluj-Napoca) 
Period 
 
Parameters 
Annual 
data 
April May June July August September 
Vegetation 
period 
Amount 15175.64 1009.74 1921.55 2269.41 2055.88 1999.25 984.53 10240.36 
Mean 562.06 37.40 71.17 84.05 76.14 74.05 36.46 379.27 
Variance 45111.68 517.61 3959.18 4506.67 4058.61 6832.09 509.01 30114.87 
Standard 
deviation 212.40 22.75 62.92 67.13 63.71 82.66 22.56 173.54 
Variability 
coefficient 37.79 60.84 88.41 79.87 83.67 111.63 61.87 45.76 
Rainfall 
variation 
coefficient 0.378 0.608 0.884 0.799 0.837 1.116 0.619 0.458 
Rainfall 
asymmetry 
coefficient  0.649 0.915 2.477 1.957 2.161 1.876 0.954 0.984 
 
The first phase of hydrological vulnerability assessment was to process the 
rainfalls data to establish the frequency and duration of the phenomena. The frequency and 
duration curves were determined by establishing the values range of rainfalls recording as 
annual means, monthly means (from April to September) and vegetation period means, 
between 1983-2014 years (without 2000, 2001, 2002 and 2005) (Cluj-Napoca). The 
rainfalls insurances [%] were determinate to be used for rainfalls vulnerability assessment. 
The distribution functions of insurance probability curves were establish after Pearson III 
type - Foster and Rîbkin. Available rainfalls (Ra) [m
3³ha-1] recorded for vegetation periods 
were determined after monthly rainfalls using multiannual mean with 80% insurance (R) 
[mm], after the mathematical relation: 𝑅𝑎 = 10 ∙ 𝛿 ∙ 𝑅, where 𝛿 = 0.75 - used rainfalls 
coefficient for silvostepa.  
 
RESULTS AND DISCUSSIONS 
 
In table 2 are presented the frequency and duration of annual means of rainfalls 
recorded from 1983 to 2014 year (without 2000, 2001, 2002 and 2005 years). Also, there 
are showed the frequency and duration of rainfall means recorded during vegetation period 
of the years mentioned before. The annual mean rainfalls varies between 190 mm to 1170 
mm, with the amplitude of 978 mm (minimum is 192.01 mm – year 1990, maximum is 
1170.18 mm – year 1994). The maximum rainfall is with 6.02 times higher. The highest 
frequency of annual rainfalls is between 530 mm and 700 mm. In the vegetation period, the 
rainfalls recorded duration of 13 cases with precipitations over 360 mm, which represent 
relatively 48.15%. In table 3 are presented data regarding the probability and repeatability 
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of the rainfalls amount. The annual rainfalls over 530 mm could be registered at an interval 
of 1.8 years, with a probability of 0.57, and during vegetation period, the rainfalls over 366 
mm could be recorded at an interval of 2.2 years with the 0.46 probability.  
 
Table 2 
Data regarding frequency and duration of rainfalls recorded as annual means and during vegetation 
period between 1983-2014 years (without 2000, 2001, 2002 and 2005) (Cluj-Napoca) 
Annual means 
Values range Frequency Values range Duration 
Rainfalls [mm] No. Relatively [%] Rainfalls [mm] No. Relatively [%] 
1210-1040 1 3.70 >1040 1 3.70 
1040-870 1 3.70 >870 2 7.41 
870-700 2 7.41 >700 4 14.81 
700-530 12 44.44 >530 16 59.26 
530-360 6 22.22 >360 22 81.48 
360-190 5 18.52 >190 27 100 
Total 27 100   
Vegetation period (1st April to 30th September ) 
Value range Frequency Value range Duration 
Rainfalls [mm] No. Relatively [%] Rainfalls [mm] No. Relatively [%] 
854-732 2 7.41 >732 2 7.41 
732-610 0 0.00 >610 2 7.41 
610-488 4 14.81 >488 6 22.22 
488-366 7 25.93 >366 13 48.15 
366-244 7 25.93 >244 20 74.07 
244-122 7 25.93 >122 27 100 
Total 27 100 
    
Table 3 
Data regarding repeatability [years] and probability of rainfalls recorded as annual means and 
during vegetation period, computed years 1983-2014 (without 2000, 2001, 2002, 2005) (Cluj-
Napoca) 
Annual 
Rainfalls 
[mm] 
Repeatability 
[years] 
Probability 
Rainfalls during 
vegetation period 
[mm] 
Repeatability 
[years] 
Probability 
>1040 28.0 0.04 >732 14.0 0.07 
>870 14.0 0.07 >610 14.0 0.07 
>700 7.0 0.14 >488 4.7 0.21 
>530 1.8 0.57 >366 2.2 0.46 
>360 1.3 0.79 >244 1.4 0.71 
>190 1.0 0.96 >122 1.0 0.96 
 
In table 4 are showed the ordinates determination of binomial curve (Pearson, III 
type) for different insurances of rainfalls recorded as annual means and during vegetation 
period, and in table 5 are presented the available rainfalls with 80% insurance [m3³ha-1] 
recorded for vegetation period. 
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Table 4 
Ordinates determination of binomial curve (Pearson, III type) for different insurances of  rainfalls 
recorded as annual means and during vegetation period, computed years 1983-2014 (without 2000, 
2001, 2002, 2005) (Cluj-Napoca) 
Insurance Frequency Repeatability Annual Rainfalls 
[mm] 
Rainfalls during 
vegetation period [mm] [%] [years] [years] 
0.01 10000 10000 1635 1884 
0.1 1000 1000 1403 1455 
1 100 100 1148 1021 
5 20 20 944 728 
10 10 10 845 601 
20 5 5 732 480 
50 2 2 541 322 
80 5 1.25 379 249 
95 20 1.05 252 223 
99 100 1.01 163 223 
99.9 1000 1.00 80 207 
 
Table 5 
Available rainfalls with 80% insurance [m3³ha-1] recorded for vegetation period, computed months 
of years 1983-2014 (without 2000, 2001, 2002, 2005) (Cluj-Napoca) 
Period 
Multiannual  
rainfalls 
mean [mm] 
Available 
rainfalls recorded 
[m3∙ha-1] 
Available rainfalls 
with 80% insurance 
[mm] 
Available rainfalls 
with 80% insurance 
[m3∙ha-1] 
April 37.40 280.48 18.06 135.45 
May 71.17 533.76 26.49 198.70 
June 84.05 630.39 31.69 237.67 
July 76.14 571.08 26.45 198.39 
August 74.05 555.35 9.57 71.81 
September 36.46 273.48 17.29 129.65 
Total 379.27 2844.54 129.56 971.67 
 
 
CONCLUSIONS 
 
The infiltrometer will be used to determine the infiltration speed of simulated 
rainfalls and to determine the tolerance of soil at the mechanic action of rain drops. The 
controls surfaces will be of 1 m2. The infiltrometer will be calibrated to simulate the 
available rainfalls with 80% insurance recorded for vegetation period.  
The rainfalls with 80% insurance registered an amount of 249 mm, with 5 years 
frequency and repeatability of 1.25 years. 
The amount of rainfalls over 366 mm registered during vegetation period has a 
repeatability of 2.2 years and a probability of 0.46.  
During 31 years analyzed, the amount of rainfalls over 366 mm (during vegetation 
period) was register for 13 times, which represents 48.15% relative duration from the 
period 1983-2014 (without 2000, 2001, 2002, 2005). 
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